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Uilrodndfon 

ThJsmoilufe is the fifth in a series of EKtension matemis 
tlHignedto provide Evtcna ] on agentSn Certified Crop Advisers 
jCCAs), consuttanlis. and producers with pertinEiit Jnfomiatian 
&n nutrient matizigcmcnt iisues. To maktthtkarning 'active,' 
and to possibly provide crsilits to Certified Crop Advisers^ a 
quiz accompaniBS this mnduJe. In addition, realizing that there 
are many other gooJ information sources induUirg prex'iously 
developed E>LtensLon materials, bookSr web Brtes, and professionals 
in the field, we Jiav^ provided a list of additional resources and 
contacts for thosE seeking mare in-dEpth information about 
potasBiLim. 

ObjrtliveE 

1. Learn the various soil form*; of potassium 

2. Understand the soil processes that affect theavailabilitv of 
potassium to ptants 

3. Understand how soil and climate propcrtiES affect potassitim 
cyclire 

4.Beab!eton~^e potassium fertilizer recommendations based on 
soil analvsis and site characteristics 



to- 



rn 



r=^^ 






M49'B 

June 20*5 



Sark^Dond 



Putit*a]Ljm |K) 15 dbumhnl in nn_nl 
M^ntinis drul W^umlng sOiti. butlht vilE 
mnjuntyiif ^mJ K li u^;l^';Illi>bll^ bn pNjnls. 
PbnU rEt|U]ri; K Cur pholLJimtheiLi, X\!P 
pnAlut:tLOn, traruluLdUunuf al^is. ^Un:h 

IcgumEH. and prultin i_x'nthe^H. In com 
JjnJiJthi:rLrup5. 1^ blrtnilthi^nb it<Ll]u 
dnJ ibrmi, thu^ ht^Lpii^with Jik-j^ imE 
lijjgjng. Plants tikL! Lipiulijiiiijm as K~ 

luni, 'TT^i: i:uni:t:ntn][lun4iniliiVL3LlL3bEl|[\' 
uf K Inlhtr tml l* pntruirllyirunCnjlltJ k" 
inur^HLi: prunLiiHrft. Althuugh Kilue» nut 
poii Ihir pub-ntidl tnvirunmtrntiil i^un^irrns 
thatnEtri-gtrn (Nl and phu^phuniLi^ 
iPl du, iin LLnJirriUmdlr^uEKiT^thng 
and aviiilabilltyls ampurtant Jbr Iht 
mflnflgtmyntuf pfulitcablir. Jung-ltrm 
trapping jvi&nii bexrauit K exiiU inflnlle 
Jimuunts ]n thti ^1 dnd(!^n litnLI pLmt 
use of Other nulntnli. l^htr purpuae of 
thUFTiodulelilutSpliSjnthefdiilurithdt 
^i>wm Ihfc! Jibilltj'OfJi ^uil tu FTiEttLrupK 
neiidi inohlerlo help with K niiiniigi^miinl 
dt[:L:^Lon!i. 



Polafumn Oiling 



fOMS hF K 

K' ionl (auliition K], tSLlianfieabltr 
Kf nLintfXiihiif^^ble K, ^nd nur^rii] K 



fPLgiirt! Ll.PknlsCiin only dJniCtly absorb 
stilutLun K, iiit iulutun K i:uni:t^ntnatiOn* 
nin^ Jrumunly 1 tu lU rn^l ippm). 
Plant avtilltibltj K [ncludb^i ^jlutiun K 
and tr^ lunged b|ir K. SuLutiun K' ir^liEi 
jn tfLiuilLbrlLim^vlth tbu liiLLhangt^iiblt!, 
nUntiXChdngLsabk. and mmural phditiof 
poQs^Luro (FljlLirK 'i], Unliki; PJ and R K \l 
jxjt iFFi^Lwpura&d inH>lhii plant tlrLu^turtl 
Ihenifoni, Kis notbctund inor^n^iJ (orras. 
but 11 quickly rt:tKa5t:dbii:k Into thi hud 
frOiTi [irupreiLdueiitnd Kcoth. 

Exckinge^bleKihwt^akly H>rbedliitht 
iLulaCt^&ijf holl piirbLliJifLndcJinriiptdly 
rtpltinish iotuticffi K NunLKChdngisablE 
c>r'fiit:d" Kih held within t.1dy lav^rs 
bj" ihong bonds that truikir the nutnent 
J nai:ei.- titbit! Eu planli, Mineml K li 
i^unQintid lUTgrly In un^'^lhenid prinury 
mlnLirals iurh^s fti|ds[\iri and mn^ii*. Tht 
pn_Ci."iiiifiovtniLr^ ihi aviLlabLl|C\'uf K 
ar^ mintrdl^tattwrin^, Llay fixaiiun and 
i^lu^^tj. sorption inddtisorptlunn Itiichir^, 
irruiLun, and plant uptakt!. K hai htitin 
1^4idltllJnadyl:^p^v&^d ax putiih, orK^O, 
Although K duuji nu[ iittuallv y Ki it in thii 
fjTin in thewil, K.lf providi^s anatrtplEid 
unit rbrdLtCusSiun and reportirg pLirpiJWi 
and will bt ukd thrtjughLiuttlut muduli^. 

ffimiHU>-i bf PiUNun ifcEWUJ 

l-~tldhpar and n^lc:a minerdls an^ 
[lummun pui'enl mulEridlN lur moit sulll 

{FuthandEUJl. lyy?!- Fi;ldspiiT-s IKAlfli^Oj 



Solution K 




Exchangeabfe K 
l-2<* oflotol 



Held an d^yjnd 
hiiPiut 

saiubDn 



Non-exchange^le K 
1-2^ d total 



pEnad Df >ear£ 



Mlner:d K 
00-98% otioial 



ndi mafepi^ls 
L^iftiAili Ue B ca pt 



Figure ] . Forms of K found in ihe soil (Hoert et al^ 2000K 
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are veryrtilrtanttowtalheringnnJ 

an uEKn luund In SLinUi. ^'hllt^ thu Urii 
rviiidnl mii^iii <irt^ j LZun&titLxrntyldLmLtit 
QLIcLiivi.TlYKiiunliiinLiilIn tht^eryiUil 

Ihjl Ihtrrt Is liniL! Cort^laliun hthvttn 
thi dnujun^iffciliJ^piirj Lnth^^ suil dnJ 
thi dmoLmlirf pJiinldX'aLlahk K Ftldspdk" 
WelJitheringWhU j-trpkni^h^K-tkplt^EijJuiill. 
but Ihif bmt: iriirH [l^ln biOnCh^ urdtfr of 
dfclc^dES OrtVtncenlunili. 

frum rtliliib-iily resiSlantmuituYnBL lo 
mLwt Eiiily wtalhtrCLJ Wolitt Puti^iium 
tLXiAtl EH tht: En[i:rF^>'tr K]]aC4Llijf IhtL^ 
hlki^^itt: miner^l:^ and ]s rtile^^J d^ ihi. 
ihi^irt-llkir i^ryslal itmcturt* sluhvtvFeel 

ilruLtLin^ »w^Jliv/Llh^V£lKr unJ K Jiffuaua 

Intt] mluliuH- LWpltliunof sululiun K by 
pliints ur It^iwihingiranlndLu^t! turthtrr mIca 
^■t^dthcnr^ [u tTUiintijnL]nL!4LLijLibriLini 
with the imi sulutiun, 

Hwalui^'uf n)]nL!rL9lKiilitnLb:LJ b^- 
thi: ralus L^f^v^r5lhtr^l^g,whlirh intujl, 
dr^ i:lin)a[iric:in te ^¥^y iluw Mimrriil K 
15 abumtinl In muit suik inMonUniianJ 
W^ijmLng dm; tuthy^ drj'Cllniiilt and tht 
abLinddmit: orihzill^', iinwiiathtired p^i^nl 
mattrUil. 

Sorpliui aid Resorption 

In mininiLilly tu muUrriiltJ v wcatht^rtid 
kills thiitdtT [^^pii:!!! ]n^dunlld^u 4ind 
WyiJtTiLr^, ibki hjgh CEf tlays nduit^ 
fixation dnd ftikast; to b^ ii^ilk!^n1 
prOi:e5H[i in Kt:>t:l1ns Sume LLsya 
bind K in mucli the j^me Wavai 
ni]CJil3nJjini [lapubltiof 'lixin^tl^ 
nutrient VJLlhEnth£lr livtred ^tmi:tufc^t 
(n^uh^^KCIuyfixatLunLmnHibilLKt^s 
K m a nonexchdn^^bk Ibrm niiikjn^ 
itldmpuriirLly LmiaV<iildbltr EurCrup 
uptake. With hujjh KLunLuntrjtiOnhJirKi 
dry clOnJjtJijns, the tlLsy lHi>tr5 ihnnk 
tijg^tht^r[]nd make K undvullnbli^ lii plant 
muli, Tht nuni:4^:h:inawiblL! K tuunJ 
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EROSION 




LAYERED CLAYS 
Figure 2. The potassium cycJe. 

liiUvt:n:dcl;i\iMt nIo^Iv irle^^dsi-iEh 
the additiun yf ^I'Eiter iind ihi n^muvliJ 
uFK bum ihi 5u|l MjLutlun, biitthli 
priAiL^ift reiluLreiyeiarftur cv^ndt^c^dt^s tu 
np]L niih Q K di^pluti^d sulI 

PiriiiiiLum EiXiiliun Und relti^^e by 
cCayL^clci^ly related (lis^jdpl-JundCEC 
(iee NM MuJulu :;. P{<int .Vulnt^un unil 
S[ii/fi^rtj/?^). Ai thij pH in^:rMiti (I^h, 
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plint^D-ata 






plintlEHtB 


WEATHEniPJj 



Figure 3. The M^e^ithertng and "unzipping'^ of au<:a 
mid layered clay miDei^s r^lea^e K inlo^mi solution. 
FbealioD immobUizes K in a fomi unavailable lo 
plants jModilied rromMf:Leani 19TS)» 
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F^ure 4« Relationship between pH-depciidcnt 
cation txchaogo capEicity and K conceDtralion in soil 
soiutEon (Modified Trom Brady and WcLI. 1999). 
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with FnCrtialid llmel, H'ftini are rtnifJwJ 
frumirallJjn^ALihflritW iJtti^ btt^ttn ":liiy 
piirtiLiLiri. Tbti^ii nugjtivvlyuKirgt^d iil£& 
an: niunr a^JliibJtj fur bindlf^K |]'''[giin! 

4)h ^ thu alnL ^Lullijn KiUiiii^LJim and 
tht aniLMjnEijf nuni^:tirhanj>tf[abltr J< »tortd 
in Ihc ^tl in^ndii^^. t'ulliM'ingthi^ ^mtr 

iLb:Mi.t!„ h]ghi^rCEL')wlLI detract mun 
K" IhaniiiOLJ With fewtr cation *ii!t:hane^^ 



Sol with high 5upf]/ng |3iwEf 




Eol wth low su pO vi^g pDv-er 
I I L I 
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10 3 4 5 

Years after testing 

F^ure 5. Soil^ with \h^ same inctial K levels may 
have veiy different abililies to supply K to crops over 
time (Hoeftct at., 2000). 



btti^» tLii:hai ianiJyhDili, SiihIi with high 
CECiSmtrmlly hfl^t IdrQi nistiywiuC fixed 
Ktl^li^Lin bd sluivl^ TtlcdWd lljt" plant 
upLiki:. 

Sci[]s with high K-fistrg eapticjtit J hiiiti 
bttinfuunJ lu JhiJrt' llltlt^ r^^siun^t luJarge 
drauunts cf K [tfrtikzuf btiCJUM: Ihi: Eiuplui 
ofav^iCdblfc: puUhiLum (luiclrly hLnda to 
cUyMFothantlEtlLS. 1SJ^7). K fiiatmnCJiii 

of K and hlLn-in^:i riiwrvuir ofKfQrfuturii 
CTQpi, Ahl:fllwthhl!lhK-fiu^glJbpaaIl■ 
wlll fitntrally bt: c^jabtt ofauiKiimng 
dv'^l.iHE^Kk\'t^hloJii:rupuv^rTiiAmi 
>Tf:irfi of pt" cjtluctitjn. thirtbv' bufftringtrop 
removalijf K.lTiHpro|Mrt%"hii5 tteniialkd 
tflft 'K SLippJl'LJ^piAt'l.T' uf a H_nl. A lUnd^ 
mul! Eindacl^v \^^^ 5u|l nuy h^^v the ^mt^ 
jnjtiiJ K tust kvtl*. bLitthLNrrtipunst 
liiCrupuptaki^ of K will ptubtibly bt wry 
different heciiusy sandi l^w lu^' CGI''* and 
Ititrefan: i lu^tr K supply I ngpjFVtiT Ihdn 
iil^y luiimi (Pi^re 5), 

lilxchiinge reHjrh lolht: ifguikbrLum 
n^inlnlned bttwtltin Hulubunand 
tiXChdngtiibli^K thruL^th^^ prtJtetBEiG of 
turpbunand dtisurptjun. 'fht: pOtiisLLirn 
[izitLOn, K'r»JFKiJr'Kbc:kK'. lolhtinci^w 
burlact^suf K0ll(!u1l0[di duetto weiik 
t!lei:b"O^t4ititiaHr;w;ti0n, \V\^^^ itjlution 
KihdL^pleltd, Kdi^surby orfretiiliiilfr 
frum kJil ptirticltis Jindtinttirji kjEuItOn. 
Tht! amuuntuf K in sulutiunattinv givtn 
^i^\^ L^e^lual tu 1 tu Ji^ ijr^^Lhangi=!<ibl£ 
K forniust sulli. Wh^n thii dmuunl uf 
L£xchar^e4iblc K i> lL^^■ rvUti^ tu^Lutiun 
K, ii^haiLifti^rniiri^ntl^rtLli^tiiJn, yjhk 
Kw]|L lu^vv 5u|titiunand lurbuntu HIhI 
CQl\^d iufl^LtJi, ^]mildT-|y. di plants 
abiorb Kfnjtn suil sulutiun, sumti K.viii\ 
1mrTii=!dlLiIi!L^ dt^iurband nrpldnnh thu 
^lutLOn, thut nujntiiningthL: balaDCt 
bistwE^en thuH^^ bis'^ phases. 

Putt^HiLim tlOmftKhwitholhfcLrCJititjnS 
lurexchiin^ lUtSundavii thtirefore, 
hlghcuTK^entTiillunMjlta-, Mg-^, PJa\ 
NH^ , and^r fll -■ Can Rtkci the amuunt 
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ofKiorbcJ.Ini^aLiTLin^ciui wlh. h^ 

i;cini:entrdtLuns uf Ca-^dumlniitt! iliiy 
iurliii!i=!j, JimitK lurptiun, 4inil LrKnrd^ 
Ihir iJjihjIwJ IriiLtLun uE K. Ttu iimLl^nC^' 
In ili[c anJch^r^ ufiimniunlurn (NH_ f 

and K luni lilluwiNH^ lunrpl^'e K 
bt:twetndiylit_wri. Hlgha[ni:tnlr;ihonJ 

ofNH/i^aji^UnLnCni^be hjlutiunK 
L\jnt:entratL0n5. The pni^^jnct^ Df Chtssis 
c!4:iKDpebrg4^;it£ijn5 intire^i^iEhti mobllil^' 
antlavalfaWtilyGlKbi^occupvingiLtti 
^htrt K wuult] otbtjv'ifct bt: surbttlj 
DE^burptiuri ih the moil Lmporljint 
prcttrsi in rtplEiniahJng lOluCjun K during 
i\ i^FLM'Ing ittLaKuDlnJ retpUrulK r^ipidlv lo 
IhtL clhiingL^s ^5l0C];il£[J \v][h p1<int upt^kii 
uf Kfrum suil iulutiun, Thir supplying 
|U^'i=!rur<i ^Ll uyeriLgriAvir^ lui^n ij 
dup^mLentunthc iaFiicJLinlyf K hiriilun 
t^Xiihiin^^ »ili^5 iFlgurt^ A} Sulli^'ilh high 
L^Ef valiwigtiHTiilly havviht [ibjlitj'tu 
mdLnUiin j iuElViunt supply ufKtu tht^ 
pUnts throughuijl ihi firc^'ing k:aSOn 
wittic:^Litikpkllriglhi!^>LL-lungL4ibltr jotl 
K plxjI. Lw CEC kjili ultcn IdiJk thu 
L^ipiiLLty tu turb lulfkicnE K n^sunvi tu 
Hislisfy t:rDpre4|ULr4inKnUOvtrJi griM'ing 
!Ka9un Alth^Ligh ^lI UT^nJcl FTiiith^rolb^n 
acx:Lnjnt9 for a N]]|nific:<LnI pbrb^n uf HjUlI 

lDCaJinJMg|ik^JglKy. 1S*7S) The raintr^l 
tEi; 15 thtrtlbftr FnOri: Lmpurtdnt inK 

qtUi^EhinlLB-ilCEClmlntirJil CEC + 
OT^nltl CEO. 



andthtei^m^rijlly hjgh 
CEC^ISurMunUind 
am Wj^jtTiLr^, LcjL hing 
II prubtibly nuCtigrvdt 
^:uru:crn w Hl^ n iiumpa n^d 
tulht iamuunlofK 
rtmoxtd t^'LlFOpupUhi; 
and rtniLA'dl. 

ErOhiOa by wind and 
walijr remove! lOil frum 
Iht lup of thtr profilt: 
wbert pldntdvd tidbit K 
Is usually highest, due 
topliinlreCycLingof 
the nutrient. Thtnrfuni, 
m] Ri nuZLiig E ruslun 
|u5^&^'ill hirlp maximi^ 
th^ dtriuLinl ijf K avullaUt! 
Itir cropi- 

Piaxi IfpTUffi 

Plant upQkt! 1^ tht^ 
Tnuil i^iliCAnl nrniLFVLil 
pnjCL^s^ In Ki:>'Cl]n^. 

othtrnutntlnth. KupUike 
15 g^^nf^r^iUy »:(Xjndun1y 
to nib-ogtn upUike dnJ 
In humt^ pUnCa Kucha^ 
hL^rbetitA^nJpoUtutf^ 
K^iitlytssi^isedjN 



Q&A'l 

What 1^ the 
ditferentu ItVaun 
'itxed' and 
'fxctianSeaMe' 

of K L!;<|it]n a dynamii: 
equdlibniim^'lth kjtl 
ioliiiion hutar^ ver^'Lllfilirtnt 
In hu^' riTdJilylhty j"i:ipjnJ 
(uiihangts In^udun K . 
Fiu^dK Ik bound Lli^tip within 
the^l]S]rtldt:iLinJ i-L^c|u]i-Lik 
lui-igpcncjdt of time, on Iht 
tffder of months loytari, 
toe[|U]llbriitir wilhthtr !k>]I 
tulL4tionrEu:han^3UE^ Kan 
M reki^hed qulc:kly btii^auhL 
jt liQnly wtdldybeld ttitht 
tur1ae:L:k of koil r^rtiLikhr 

where It Li fn clo^ Luntat-^ 
with the will ^■►lution* 



Ihohw and hfi^tff 

Ltachin^dtpenJicjn Ihe iionCenlialatin 
uf K in thk^ lull lulutLun, ttuj amount uf 
svater muring throL^ ihd luiL. and Ihi^ 
abtllt^' of the hj^J tu bend K, EkvauSti onlyii 
inull perct^ntiigcuf K h ]n ^uliun ntdny 
ghvn limL!, [^aching re^Lult^s i:uniiiltnlly 
high pi^iripLtiitunurinttnicvt Irngatiun 
dtjnditLuns tu!Kyerelydeplt![L40llK ThtL 
z]bLliI\-uf^oil[0!iuTb3nJhijlilKlnnlac:e 
m du[Knd4:nI u]iOn miner^il CEC, Hu K 
movement in the lOil ]a more Ltjmmtjn 
intioars^^, sdndy aoikv;Llh low CEC'i. 
CunkldE^ ring the l^j^' annudl preCipit4ibQn 
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Figun 6. Soils with tlie ^ame iuttial K levels coay 
have VEry different abilities to supply K to crops 
during a growing sea^iou (Hoeft et al-t 2000) » 
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removal ainoiuilf in baiv(^Ued 
poTUnns ef lelecled agriciiltiiral tiopi. 
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From CFA(1^5).Whcal:andbarl^ removal 
iDcJudr hf nd and ftraw- 



m plant vjptilct (ITA. iHa^l.TheK htld 
in ttw har\4:&b:J pjriiuni uf Ihe i!rup 
repftiintslheachiilrtmuinlLrfKfrtim 
thii iy4ttm_ Annual K itmuviil L"in nangii 

frumS" Iu5"" Ibi H,U^i; lijr it^kttyd 
dgriLLiJtLiiiil iTiups, iJL![xnillngijni:nj]] 
vidJ iTible iK'Rjtrtimali^ K,U uptake rUr 
Ji bpeciLlv: tielJ.[]]^-lL]tr iictujlyitrldb^^thti 
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■*- Planl Grawlh 



F^urpT. PolBssiumaccumulation of KduriLig 
growif^ joafon for hard red spring wheal (Jacob^cn 
eta].. 1992K 



yield inthii libit and niultipEy thisTtriult 
by tht KjO upCikir given Kn^nHA-al fcir 
Jiniill grdlni will tu iippn-UurnQtelyT^^i 
luasi than shuhi'n tn ihi Eiiblu Iftht^ SilTdw 
ianJ chaff isil^^flunthu Iwld Jiticau^K 
J9i nu[ LnCurpurdtLd ml^jpltinttisiiir, 
kdkii^ orK frum the rjOCs and Id^uhlng 
nrfK frum tint Itdvti rt^Iurn K Jo tht: st^iL 
latein thegrOrtitrgSEiJiitinwhtnKihrFn 
longKrrk:Kdi^dbylhiii:TQp.lfi3]0Sloftb& 
plant mat&r w rdmoyed at haiwM, plinl 
uptdkii iJbn repreatlnta stlwrt duplttionof 
av^lldNE^ K. PuriiUmplE^, Ji highlit! kling 
ItigLimt: hay i:rop niiiy reinuvt l!5D IbK.O^i: 
each war (Brady mdWdd. IJWWK 

Plant upUikt; c:.in alhJinnLi^^nU IhtL 
turnuvvrufivaLlLiblir K inthtr iml, Dttp- 
ruub^d plants, when lultun ilti=!, can ncl^i 
nLrtrJtmtponipi by nimuvmg K fnjm thi; 
^Libiull iiniliLtiuftLtingitLLt thu aurfiiLe nt 
thL tnJofthti K-aiun. This prut^^ss nuktis 
pjwiuLiily Lnaiz^L Alible K av^ilLabk i^ 
shalltjrt' njut]ngi:njpi, 

SulJ ^vater cijnEiLinlng dJi&fjt^^d K 
rajvts ttA^'iird thL^ plant trjrjtidue lu plant 
uptake ufwatirr. This pnji:t!iji uf mais 
flu^^'duntributtis tuonlya ^nuill &ai:btin 
oftcjial plant K upQkE, bifTLiSion LrfK 
ID plant TQOti a4;t:0Linli for Cht: roafonti' 
f>75^0 of pl^ntuplakt anJ U5ually<xt:ur3 
w]thjn abjut 1/ii cf jn ir\:htj(t^t plant 
ruuts Ifcet! NM Mcxlult! 1 rbr ratjni abuuE 
difhjsitin arid mash flowl. tTuBh dlffusi-^jn 
iind miiha fkw rttluirtr Mj(fii;]E:ntwa[i:r in 
tht: jOlI bjtriinip:3ft K ttithii ruulSbintt tUr 
plants ttiJibsurbtln^ nulni^nL InCre^hing 
sijlI moistujir fnjm Ll) lu^S'^fj hds tktfn 
ihc^'n tujniirtiast! tulal K tTiinipurt by 
l7!i^ undyrnirtalnironJitujni it^kt^lLiy 
iand Haby, iHHll. Drj' Cundiliuns tin limit 
nLitTJtinttranipurtttjand intuthe plant 
and Ihui i^auiL! K dt^fiLLunny. 

Sijll t^mixriiiunj and aemtfun 
Influtinni plant LLplakt! uEKb^^aEfccting 
bulh rctrt attivtcv iind dlffuiLun, Muntana 
and VVyumma's nufthtrn latLtuiAjsanil 
higher iilevitionh ma ktiffiraptrituni 
t^spetruilly Imporlant tu K a vJii Ability. 
IftidLkied tern |:^ratureh inhibit djrfLi3K3n 
iinJ ^Ilm' plant pruLeshtrh, rOOlgFc^th. 
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and thermite of Kuptiike. In ilmJrci with 

L:(jm. Hit njol h-i^h Incnrd^ uviirii fe 
UlLV periuJsi'aj ulj^E tinHri^^dli^rat sujI 
tfmperihjrt!SufS4"FlhiinitWF iChlng 
and Qirtcr, 1^7^], THli Ki:onL:enttntLun m 
tht shuu[wii4H.l^(iiiltt4"FanJ J.7nfjflt 
5ii T LndLi^dting that K Liptdke incrt^dsi^tL 
WithwahTHdrlEraperiluftra, MuatclFupi 
zib^GTbKi^arJy HI the 3^kjndnJ ri^iich 
thijt" nuximura Kt:onCi?nlratiOn while N 
tmdPii-^jniiEntrJilitjni jrt Abll int:rtd5]ng 
(ite NM MudulE #1 FlgLirt J]. Bttauit 
K Ls mobilt Inplhinta. thi nutrjfclnE rauvt?. 
frurn tht ittradnJIe^v-eiofwheattolht 
arjJnwLEhoul incrttiain^tLtat Kt:onlenl 
(Flgui^ 71 In (hilt, the Krtil K clOaWnt 
uf^vhl^t1lL:tLiaLlyiU!l:^:L3(l!I Jurlr^grnLn 
prudutiiun. 

^rattitl 5u]l^ Supply rLut& ^'ith the 
ux^^^n ftiT^siiin' ftjrnurrrul fimctiurung. 
Planti jbiurbuxygt^nlhryuah ihtir itjuts 
iJuTLr^ ihi night when thii^ art rtspiring. 
Ufiill tniiiirunLrtritintth K nbhjrptlun it 
m^tithmlttJ by saturnli^il aujluunJitiuni. 
In n itud^'irfizumUTHj^vn in ii|t luam mils, 
K upUku Lno^rLitiid aujlwH^ tijur ttnit» 
artaterChinannun-titratetl scfll Uptibei 
fGrnitruS^jiJiJA! phospliuruhVFtini tinlv 
1.5 and l.J biniligfedtiir unJi^t'lhtL iiimi; 
ctmtlitLOns iLdwtorL liMhf. Tht! retlutltiun 
of suii po*^ jpii^i: by t:umpacliun irapcJet 
tlitfuilun bv mlikjngtiTtr path Forthi K lunji 

PlantMlri>^ nLitritlnth inlii their roots 
b)| tapping the ^lI ^ubun3rKli:niatLng 
a (!unctnlrati0n gTiKlitrnT dCrosi their 

ruut mtrmbfii™*- Ciitlunlt: nutni^nta Ihtrn 
i:Linip^b: JLirabaurptiun into the plant vtn 
OinH>iLi, In kjiliwith high arnuunts of 
Ca =anilMg=, LumpLtitLunLdnlitntt H 
upuj^tj, Crupj gn-Kvnun highly i^lC4in:uus 
kills fn^t[uynt|y havii K-ikfkiLinijy 
symplLimitrvvn thipi^ thu alhI Itit 
may rtrpurt aiiilicicnt K. Tbtr availability 
uf Ki:::in be murv ilufkimknE units 
LunLtntratLon mlatjw iLJthatuf t^"- anJ 
Mg-^thianlutilaxTLllablii K inhu^h3uik 
(Havtmtt dL llfWf. 

AunL(|Lk: pfupert^'of K plant upCjkE^ 
15 liiKLiry OunJiumptLOn. Whtinav^uLnblii 



KgJCC£tdipEantn£i.-J&. 

plants Liuntnir tu 
absurb K withuul an^' 
inL^n^^' mcnjp^elJ. 
EluiTQUHr K 1irrlll|^l]un 
inMuntana t4 minlnul, 
liDLLiry tlun.iuroptLun ii 
prubbt^ly unL^jratnun. 
but itiJtrtainly c^n be 
a n£:gibve4^on)d4|iAinLre 
of uvtr-ftrtiljZiititjn. 
.y tlimigh thirt are nti 
tlnvLrunmdnlat thft;atl 
asfuCidteJ with luxury 
iJOnhuFiiptfiin, th^ dikki] 
retiiunitAhire lu^t with 
Ui} a JditLunal prijlil. 

sou Testing iorK 

ThfcL primisry gCkil 
cjf suilleshngfjrK 
Is tutl^^Iiirmini: the 
amOLmlof K a^^jiliible 
tOLnjpor range plantb 
aEagl^'tn aite J^ll 
biin^plcr^ tnethLxLs ami 
laburalor^ b^lecbc^ ^^tr^e 
di^sCTittiil inikl^tl in 
PJuIritnl Management 

MtAlulc 1 Soil il^StifliJ 

iitid Li^l\or^tonr 
S&!i}ciiv7i ikjIuliunanJ 
uiirhandj^ablt l( jru thtr 
impLirbnt Jijmi^ Hpj 



CnUcsl La yd 



2 



Q&A'2 

How du temirt'Tatiite 
andwalH tMleni 
aSeddUfminnintoa? 

[]|Efi]iL4jn L) tht! rdnJum 
mi-nvmtniufK auni m 
^alLT thcit %:^^uul K to 
miiivt ftum artas irfhJghK 
i]unL'i!ntr^tL4.»n5 tiiLinMiuML^' 
Ktioniientratcons. Atawl wabti- 
ti^mftiratukiss. the rJinJom 
mutitjntjf [K^ wattr ib ilo^^', 
thus the r^li^ ofiliftuNlun ib 
tItAv. Suchi^QmllbtmiiJe 
CuLiuTiun ]n Muntina and 
Wyuming tn thi^ bpiirgwhiin 
muM 4:rup^ are planted in 
tXxjL mmbt MiJ. 'Ilitwdhir 
In soil fvhjs sei-vtlia^ thtE 
puth dlung which illffLiilOn 
u-^ur&H When tht! u-ql buL:citiit^ 
dni^r, thli iTunJuftufwattr 
tecuniei itiulkr j» itwintJi 
mi-n~e iilii^ly jruLinJchar^L] 
hjil fArticlev Thii inullizr, 
mure lLirtu<jui pdlh bmlt* thi: 
ranikini mutiLmul the wdb:r 
and thus tlie dlffu^Lun uf Kh 



* 
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Vield Nmiled by K + dfruiion 
tci plant roote 
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Soil testK l€^€4 Ipprn^ 

Figure B. Relationship between soil test 
K level and crop 3?ield. 
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How are the resold 
ftum ammonium 
arefaleextraftion 
andie&ini^fiile 
tests diifeieiil? 

AiTiLutJi^jLiTQ dCttatt: 
Hb-iiL^tLOnt LSSCmalt 
tlitr ttjlalamuunttrf 
t^xdi^n^abltr and KDlutjUn 
K m^ ujlI b^' hUkXlngi^nd 
^&h]ng;^ MLJ]1 3iimplL^ ^'ilh 
txlriiCtint inthtr Idhurilury. 

tnttus titrlilwith minimal 
MLiililiblurbiiruid lominuci 

tht! niilri^nl uptiiki: uf a 
ptiint ruOE. R^ti^i^ ^fk^U\^\y 
t&tfnutif thu amuuni "jf K 
i rttrtcan bbmrb umkr 

Ul^iil iiJil i:unJlt]uni. 
EXTriH:tiun mtichciJi are 

tt^n umfuL m prvJii^Ctng 

^BldrtJpJntt ftirniuil 
d^li:ul1tjr^l kitiN whtirtL 
ityfi^ilun 1^ nut limibn^ 
(Irt vi'drracr, w^^tter soil 
tOntlLtiurm. OMir llwi 
ilCA^atli^i thit ^^UriiLltlQn 
t^itb hiv^ htEBn usc^dr llv^K 
haa kt:nc^Utrnil^ iuil 

torrtrlatin^thtr rtiulU 

tof£rtl]i24:r ririzummtfihl- 
atJun^, Rciinc^piuluk are 

a rLilativulync^' n^utbuJ. 
soUk dpplit^dLEiiltvtiliun 
reiearehto interpret thi! 



p]anta^:^i■lh[l^J^h^ya^^ 
irxhtictuij frum ti sull lamplti 
hj" 1 AI amniuniym dDjtily 
iNH^OAO.TturcxtracliiJn 
i> thirn mtfLJlLiruJ llr K 

Antrthi^r fq~umJ^lr^3uil 

ti^stjnglt:t:hniyuK u uiirg 
iruun eXi:hisrgt rt^ini. 
tsithtirenCJipiul^lifd in a 
^^Tilhelit: nn^sh or in a 
prubt Tht: jJvanla^ uf 
i rtrhin tAtrantLilitlcbint 
islhiittht rtMnbttlET 
imjlat^s a pUntvctt b%' 
iJi^clre^tLJig vjlution Kand 
pruniuling K Jtrujrptiijn, 
iJ]ikjluliun. unJ difTuiJun^ 
Dt^iTEiUHr dlffu^iunl^an 
i^i;x!L:lL3llv impurtint Pdcltor 
jn Ihir i^uuLdri' r^giun^uf 
Munlana Jini Wyijniing, 
]On^xchan^ nriin Rih 
ni^Y be mure rilitibJtj 
jnd]i:4itijri of plant av4il|iibltj 
K Ihan tunvvnlaunfll 
NH^OAi^EKUiHrlitjnKstt 



A^'Hilablk^ K 1^ nk:L3»ijn=!d in pfirt^ p^r 

million Ippm). Unty thLi tup uJi tnLhe^of 
hUl] II gi=!ni=!nLllY iL'iEud lijrK bci^u&t: Eh^ 

sLidacL! iuil L» thk^ tTitJst bignafiLTiint n-FurLe 
ufK lijrmuir pJant* anJ btn^usti ct*!dn tt 
n^nn^ddrnictlywith IdFtitiZiirs, ti[la]|^r 
dnd Lrupiung lyttemt. Thm rtldliunihip 
bt^twtien suJ liihtKj^nd mlaEftn:: jiE^ld 
rtlpbnM: In Munbinii and W^OminS hiii 
betlna aubftictuf Mgnificant rt Search 
iFigurt: ti. prdvioui pti^l. Soil ttrt kvtls 
drii iJbWgDri2&:d inlolcAi'. fTi£dium, ur 
high, JnJ sunn^tiratrhJilHo Intc'vtKi' hljjh' 
dnd\'Kry lu^^'Wt hull WtlKlL^vtlh below 
Ihe ^4:n]3k:ii1 levtrtiw prubabUilylhati 
yield incrMiirM'ill rviull frijtn fertilisa^r 
additmn Li hi^h. Abuvi^ th^ Cril^Lr^l 
|&\cl, LnSignituftintyji^lL] n^ipLjnsiLisi luK 
ftrtrlllillunwuLild gynurully hi ^\\\ictc\}, 
InMunCana. dt^&pit^ tht: tjiCt thdt rwarh all 
majurJigniuliurJil ^jlh art inthtr 'high' 
lu ^'Kry high' 4!attgUfj', K appln:altuni Cin 
Jtill resuJt in ugn^ficintyliild resFunstrin 
]]artKLil4irl^ ^'ith malt biirlt^y yield and 
LjiiaJit^- IbLo-glb^y. 11^75}. AdditiundlLy, 
iihlLxLi'uning lHjieiiHOfrewisTthat 



T 



Cai(iilationBo\l 

Ba!4<^^on;^iult1^iMev>4Elof^UUnphiKlnthtUjptt*yf^1, hfM> 

lung will tht pnLJt^nE 'pj^jl' t^tJ4£:hangt:.itxlt: and iQliitJunK suppiirt 
iin^&l&LifupwhiLihrtLraEJvei I5tl IbK^Q/iiLiptf j-fcLar"^ 

Caltiulatiun i.if plant a%^jiLible'p™l'tifK In thii soil: 

K UlVdiTrt) =Kt:uf¥itnb"atLun(ppniix:^^ Sample thiLitnehi/fi^ 

:L4H»ppni :^ :; ii fh'/h'r=aUUJbbK^(; 

CiJnWi^iLijnof iP&lfd upUike: IbK^O^c )L(.H3 lhK/lblt.Ol= ]hK/x 
mU IbK^U/at^x B3 = 125 \b K/dtT 

CakuLtLJjnof hiAv luf^ pn^tuntK 'puul' will ^uAQlnLTupi 
HjtaJ pUnt dvullablt K ■;- Cnjp renio^'a! |VTivdr=^^n uf 
iuJfiiLtnl H iupply 
6UUlbAK^:^]25ibK/a[^ =4.ayiari 

Itlhe minunjl and nunuXiihiingtrLdbltr K 'plh J&'Jld nutniplirnlih 
Crup removal ufK. Iht KMhiif^^abli: K ipf this kJil ^uLiJd iiippurt thu 
al^Jb i:rup]xjrunly4-5vear&H 
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loiStiDnl throughout Mundna &jurul littlt! 

LiiJtTvliiliun telvi'^tn PJH^U.V-tiirtrjLtL J 
K t^stwiluiri anJiirupixipunit luK 
iVrtLli^nunlSk^tyHnJHiLby, Mt]. 
Althui^h ^ Willi aLbrrnaliw ^tl K ^\U 
wtirt! [ntiJ In IhH Stud^, nunL^ wtn^ SjunU 
Ihistconu^ltnlly pt" EtlLi^lttl Crop ftrapunw^i 
lufcirbhZi^tiOninclool, »jmi-.intLcl]m<ili£^. 
llitrefoTt.rtcffutOTlngyliiltlrtsponSEih 
\u K ftrtJiZiititin On tpei:i[iii ftikli ti 
TfLOKDtnenJtlil lu iLipplemtfnl dnJ x'^tli^att 
AOil El^E ftraulU. 

Inanid.i L?fthi^ nLjrthern Grtdt E^Jdln^- 
IniiirmuunlaLnrtillKjnwhElni sOill Wit 
highurxtry higli fjr K, i^ruprtiponsts 
tend tote (lJghly^kpendK^tc^n soil and 
iitt! chanicti^nil^ci, luch a& hrn);i!n]ttirtr, 
i=!Lcv<iliOnH^'iittjri:un1i^nt, LimJ LZuniiSbrm!^ 
(Vtith and Slofilty. lyBfi}. ThisiLi prupfirliti 
L:4in nt^llvvly iiiitct thtr Jiffuilon vi K 
tulhtr plint ruuts and hmclnrupyiiilJ 
tiwnuni ^¥Ty hi^h' & Jlirg suil l-'urthJii 
riMSunn it]i impijrbanl tLPVimlLrstdnJ hiM" 
hjil prupi^rt|triaUi4:tK iz^HiJir^, 

BL4!aLihr Kdvul lability clur^'i SO 
drttmatkiallyovtrT tht gru^vln^ u^^iun, 
IhtL tinii: of jtir Uut^ilt Jirii tumpled 1^ 
tlntLi^al liitftlLtLW nundgtrmi^ntdnd murt 
bt: Cunsj silent in ordtr lOnHjnilur thtr K 
ftrtdiU^uf a i]Q: Oxvrtimi:. l*Oliiii]um 
Itwliiin: uaudlly hightr^l jfttrthi; aoili 



thawlntht tprlr^ iinit b^lbn^ planE Liptnte 
btiTunitrs iLiblCinllaL Uivrtht gro^'ing 
itasun, H i> nrmLFVud frrjtn suJLitiunLind 
i^xchangff iitt^s bypLanIt, SoiiVEiitdbJc 
K luatiwIILbc lOhVt'it Ln bt^ SummLT. 
Tl^jitangtJv S4jll Jiftti" the iprmathim' w|tJ 
pn_rtntk the niiiit uHiful t:iEini;iti^ ft^r hJw 
much KihJiv^liibhr Eijr ttw (^rop fnthdt 



KFetdlizerRe^ooimendalions 

jYN^urJlnfitutTEiJlIUjniil nutrient 
man^gtnitrnt ittijtt^m&, li^rttllAT li nut 
reL^umnuinikd lijr d nuttient ttuEt^its 
highinlhir^jd tufiiu^^ Itwill llkirlynot 
Ttsull in d YLirld ru5;\jniir_ Inuur rtglun- 
wtKR ni^dtivEiJLLigriLLJtLirLi] lujt^t^it 
high lbrKH(ubiliinll^Lre^eiiR!b had sbu^-n 
thatpjfdihiranlncrtiiiti yield lignilkanlJy 
btCiujtdifluaitjnuf KulnhjhUtd bv'COOl 
hjil ttmpdrjturt:^, liAvwdtt^rLunlKnli, 
and thii prtttnci^ ufhighTy LharfiEd 
cLuys. Thii»i Ujll [lOnditions an^ ajrnmun 
througliuut Iht: nurthiLm Gniiit Plaini- 
InltrniuuRtiLn rtlgiun. 

In MuntiRiS, tht clntitdl ItrtifJ iur small 
gTainhlK^nerjilLytKjnKldE^n^dEobe:!^^ 
ppm K. Inuni! ^tudy in P^intdivi. sulI 
tiiilriictiblt^ 1^ viilueb rdnged kurtk 174 ppm 
K tuHSiJ ppm K withJi meanijf J76 ppm 



Table 2. ReipoAKef fa h ieililizei when indndedia ieililizei progi; 
(Skugky and Haby, 1981). Avbuh*™™. 



Vhjnter wJlut 



17 



5 3 bli^LkL 



SpnngwhLfll 


J(l 


4 ti bu/iE 


^Jl 


iEirliit 


44 


:{iF bu/iE 


If! 


tBrley |img,h 


7[l 


dJ^bu/K 


43 


.\lUJi.ri.Lv 


51} 


fffiWx 


iSSDU 


Su^rbecb rTnigf 


^U 


SSUlb/'K 


86-1117 


Nalivt nJI^ 


17 


31SIWJC 


7fl 



*ForJit£fi thatihu^-ft^dpLBmv-errtpiJrtitf toKftrtihJftir 
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Table ^ Polassimn F«rd&zer Gnidciuici 
foi Eivf Mcniana crops QB Hi). 

PotBBflium Fertilizer Rales {IbK.O/ac) 
HEOIt 

lECTirm Sin 

#pii) l^iEir KtiLiEi' ft^iutfiHE hma ^n 



30 ]L5 


aa 


](ii» 


'2tt5 


70 


L im VQ 


1^ 


no 


no 


1>Q 


15(1 71] 


5U 


60 


14U 


45 


■2m 4U 


35 


4g 


95 


3U 


^5(1 IQ 


lis 


^a 


M 


15 


1 


1 



tuninkrvJ anlht 'h[gh' mr^ fur mtjst 

i!rup*, RirHMnzh inMunlcand iltmunslialyiJ 
thiil iLj;n[fiL~4inl yii^lil xv^punii^i IliK 

It^tlillZiiliuniran (llll be t^xpcLl^d Imm 
ttjllilttling'high'ftjrKrWhenuhEtl With 
Jin uptiTTiura NdnJ P pFCigr^Tn iSko^try 
j^nUH^by. L^Ll. 'L7^ ^lixLy Ibun^that 
wifiltr whilst VLtltt inCnLi^J in47^ 
of tht KXpfcinraenli. (rum jL][l]bijfu orf 
JipprOiJrMliily :>" Ibi 11.0 'iu: (Tkblt :!(. 
InnO-tltl ^mlallgriiin pnxEutltKwi, ^'ht:ft^ 
itiUittmllobectuliLrand^ttler th;in 
i:i:^wnli^n^llyt^l1tjil b^Lbt^dh^ly In Ihti 
gru^^LJig si^iiKjn l{ adtlLtiun-ion? Iu3il Ibb 

KjD^L-r^siuLti^iJ inytt^ytnL-rtJibJiSljKH 

W^-and5^^^(|yEthti^l^lL!fuf ipringwhwil 

biirlb^V, dnJ wjnli^r 

whtativspti:tivi^ly. TTie 

iiv^r4^ Tv^puniL! wl1)4 

(u^bu^i: tJiiitkson Eft 

din tb«LJ. 

PlaizemL-ntufK 
fbJt1]Lls^ri.luHr iLJtht 
lecJ J 5 jtnpLjrtanl 
In miQ^hng lIow 
Kilifiuuonin 
ipnng. Utrtn JOll 
bin3peraturti jrt 
1:001, slaritrfdrbliar 
i^niLmii IhaL luftxiknt 

10 IhfcL plant Ai 



ttmrtTLitLirv inCrMM*. p[[inl ruOtgn_^lh 
ianJ JJffusiun naluj ^'izi^Lemttj, iillLMrtr^ thi=! 
abumUint Kuf tJx&ir mjIIsi tu ht: uhlcSUiL. 
DariLlisiil K4ippliCAtiiJn, partlLUl4l^lY^vilh 
Qirdnlls, rJiLU:^ K Ifwii neiarlhL'gn-nuf^ 
TvuU ^t thia i^nCiir^l tinit^. BanJlr^dliu 
helps prevent gtimuniitLundjiniiigt: (rura 
bait eti^cls.uihichcjjnixCL^r when KLi 
pjactsd wLEhth^ heedatralehtLifC4Lt:t[Lng:!ll 
lh?.K,U^[: (Skoelt^y. 1S75). 

Tht: FtiCiffumerKhtiOn fur Montana 
■uilI Wyoming hjghK ^Jji Is toappN ao 
lij^orbsK.O^jCTEof jbriErftrbliatrto 
miiKLnus^ yidd and pruliL En soils thiit 
donol tett hlghtuKK, ferbli^tr bastidon 
Tjbld 3, whj4^hJjr4i ^ni^riiliy Sctnitrwbat 
ItJrt'tir |ewl4 than the L'rupwlll absorb. 
This ilTiitKg^'ivLlI LunCmuy tudrd^v K Enjm 
i:XLhar^iLl«iHlhervbyutlltZingth^ kiil'^ 
ndlutnl L::ipiU:|[\' loiupply H_ TbdelyrminL! 
the LirnuQnCuf J partieuldrfertiliiXTtu 
apply bii^dun l^rtilli^er n^CuninHzndatiunih 
r^ftir to Cfikulallon BuH ?, 

PuIaiiiLim iVrtLli^L^rii available 
ciommi^rLlLill^ ai pjtiiaiiLini{:hlunde, 
pjQiiLutn lulftLttj, and pjtiiaiiLini nilmte 
{Tdbld^KThL^SLsartldll .^all^anJ l^vtr thts 
poliintiallurlouclt^'LlzipplltidLneuiets. 
Potd^Hium t:hloride dtlxxtunts ftjr 0^t:^^5^l 
erf all K fertjli]ier ^Id in Munlanj ttcauii 
Kl]l t^ mined in nedrti>' haskattlhewan (rtira 
rdw KCI depotLtt. This minimal proctiSSlnE 
and IranspLjrbitLOn make IhF^ tht: most 
tstitjnomje K wjiircie. Thi; tihloride \C[} 
cunstLtuentofKCI has altu bten ^ho^u 



(alt:ii)ad(inBnx2 

Cisli:i.ilii[LJ»n; K. &rrtilLa;rtuipply= K^U Ririrunimtmldtlun/ 

K,u fraellunanli^rtilizer 

Elumpli:: I'ht: fk^rlil|2er mcun^n^t^nLl^tfi-tnii SU IbK^O^. 
HiAv niLiiih KCt 10-0-60} r& nt^d^il} 

Ruciairilbtik! 60nieani th^tthi^rertlil^rii^yiirvakntto 
h"Vlt,[] Expft: iSLsd a!s a rraLtlun, liD^ij =u.iiiHBUi(jnuu*<^f. 

KCI Litedtid=(aDlb^ti]AJfi15=l;(lh.^jL:KK 
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Ha^t 5 1 PntuniiTi ^nnD^TEEtnd ui^ ?st^ra TiFCfimjiaoboiiL 



ufChd ^tatcjEns^lftal., IWSJ 

iELHiiiH imaJlgrtLini (Ei^luC 
al. lim). Puliiiiliirn »ulftite n 
primarily uMidw'lfcrt CI tuMtity 
ur sulfur |Sf ikfitiilntyis a 
pruWtni. ChkifLik and S nutmdnt 
mana^iiKntwill bt. \lhCukKti in 
Idler NM Mf Alulei, 



lable 4. tumpoiiOon ol lekct^d KicrlOizm. 






COHNEROU Gniflf 



lORKIU 

KCI 



lum ikulralL- 



<>-<f-i;'] 



1'.^, 



PubL^ium lutralt 



YJ-t\M 



KNft, 



Smtunnty 

EfftiCliW K nunagtrtnent tn 

Muntiina iinil W^-uniif^ nrifucnri not 

unly a Ihunjugh unJtrT'^tiinilLng Mf K 
tmnt^rtTUitiun) in ihi 5u|l. bul4iliLiLin 
Q^Viirt^nLij L>f Klm' uliniLitir. EH^naEkjn, iinil 
^vater Cdn affect thu 4ibiJLtyuf<i plant 
tuQLHt^ii ihn largL! t^^r^^uE^jll K 
PijU^\LumeK]5tb In largt:, iilht^Ll tinjte. 
zitTi^Lmt:^ in tht: suiL, but tht: d^'dLl.iblt^ 
fumiJitdn be tltplt^Iiidowrlon^-ti^riTi 



QgriLultum] utiliiE^jtJun Ld» ha^ brtin the 

L:ak! un rnQn]' fdrrm in ^hi M]iJ^'i=!itcLnJ 
3n the Eait. LargLi iimuunt^ uiK arui 
j^niiin^iJ frum Iht iuil Jurinfi han^it, 
an J In niufti piirti uf MunUna and 

Wyjmin^T't'plirniJhnn^ntuf thi^ a^nilablLi 
K pjjl wuhfirrtiliar amtmJmtints 
an£ niininui, Prupcr niiinagLiniisintcLnJ 
knuwlLiiJ^ ufK i:>H:JinaTnthtr ilpjI nan 
htlpmiilnlaJn Iht prvM:ntH rtitrw: jn 
idgrlCullLFljl vjibdnJ^nlure itliuDli^J 
tfftiiL^nUy 



Reierencei 



Chitie.l^U-jndSiA Udfbdr 1^^ 
K upLikt bv clLffn. -^lun J Tl KHO- 

IStuI^.Ni: JnJlj.k V^il 1^^^ TW 

l^llkm. KiLTTiillan I'uUr^in^ 
CcjmMny Nl^hv Viif t 73> p. 

t:PA- lyl^5L Utatm li^rliliStr 

IliinJlujk: It" elJ CEilifi^f niu J-trUJ^L r 
A^-PLJliljun. laliuslifc PuhJEhtn, 
iuL Uam'LlJL , ULmjQ .jJH p 

En^tLJLtJ li_|[hjlIjnilF<_K Btug 
lAlM- GrdlayidLL kernel i^i^Lg hi. tuvj 

L u1tj\uj^ l^ LbilivfJL rtFtjk[Ziitjun- 

ll^i|K iTiitjLLjL Uhul ujnLLi^tj~LjLji m 
lifh! N.4ikjnLdL fLq ujRfTt nLii J^ IT h-^i^dL 

FbOi, Eli) anJ B.G I^Iq ]l#il7 ^L 



Hm-bn, J L.. Jil. bti;iL)nr A.L. Tcuink^unJ 
Wl NtJMjri ]4^u ^LKi^rbliL^tirpd 
KtrilJi2Era fj'^lidllkjn I'ri^ntiut frj]. 
U]?p:r ^LJkki^i^rNJ 4.^!^ p 

Hcclt, U.U,. ED. S-ti&l^r. It Jj Juhnsjn. 
anJ Sir Aldnilh- ^(^ MLKltm 
LorniiniJ ^:^bi:aFi I' rrxJ ULtion Ml'^P 
PubliCiiliUftih, ttumpuEn.lL !]511]?, 

Jix:t=un. c; [I 1^4 i^prhrHT^Iwii^ 
n^pjnSi^ I ^ pLitm=Jijm dfuJ ^ ht jFidi^ 
]-4:rtl][^crJ-;iLt77lb ^iinUjki^Ule 
Unrh'Lr^lty LkL-ntiHin ^n'li:^^ 

JiLlsin. ^ji>.4:l} hLi^njk..AJg 

U>!pI. CutiiEikmi jL^pLtf^L LJinL^LL 
snulL 4rnAin jvi^uE^ljLtfL i udftrtillZer 

JiiuliHin. J.,ld Mrill^.EifiiJ El bkLgLy 

Ui^-luj).K. ]il4& 'liKinnL3(:nLtor^|l 
fl^llKjnuri Ux gn-rrvlh £iiilI dbton^bp 
qf iWtntntN b]f cum plonb. \nAt ^i^ 
Soe„4nt I'ru^. ]CJ::?tS5-:^tti 



MiLti^.EU ]^7Tf LntLiicnLfuJcby 
L4jriki^L £mJ 4. 1 j^ (^iifnpiiwtiun ui 
jxjtmMiLun lAmiliibiliLy I^Jtl£!^Li^1 an 
!u»h bind 4:nip:T I^JlMah]nhLlLiL: ljJ 
IndaLt 

Mimtunu %:jlI^ iind L Fup reLjuireirenl^ 
MuTiLinu &Lik lliuvcidiL^, Eltifdinltn. 

PrediL Li n^ c:njp TTspunM^s iwi hig h- 

iH^h-kJI-tinJiLO-biatiky. UlMci. 
^diaL E F^n nL%|N mK tij ]ijt;t±»iuin 
ItrQIiSALi^ lS inlijbcLJ tij ^jlI luni ^le 
L hiiTiiLLen&lka ^uU^l ^l AhlJ. 

Viu^JLjnJtn Skyln- li»y? 
IPifTuBmn knL Ul^ Lif multLnuLiitLDL 
d.cLiinuli^Lin hv miii:kJ-bvLJ lun- 
LELbuinQL JL^in Vjtl ^LL ^UL. Am J- 
Db-4LI9-414 



KcDliIfrf I FttnimnTLLy &.dq ^i6ii0 o.d fofi^a R^ mrmuSd&ii.] 
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UtitcTnFertllEurEbnd^DDk L^tli 
l^itjun '2AM 2tull I mi^n-i^QiL FlJ 

j^dbkLiiitRjn InLilttiliL r^uhtulter^ 
351 p ^ ht^p "LiirtHH^ijim' 
w:^[LfRfLr [*l imiibi-uap l Stj^ inLtuJmg 
ishtppinj! 

?lfintTdiftritk>nttinLi^ J Bunion >iiH^. 
Jr. lEJbJb {Itii J'hvai EkLoM^, 
htiriUii 1-1^ j^ -\|)fniK]nk3t£ly^J. 

EbQFGfiaih K-th.iAlldla 1^^7.CRC 

An [nJrad ul: tk] n Ed ^utrtGciJ 
ManD^raEciL JJjh'Jm, ! L. , ^ E. Jiudiib, 
J-C Uk^jntiDiiWL NtbjFL TUi 

UpFvrSiiJLJk H}^ F^ Nn:w JiLr^iy. ^]^ |i 

EmMO?i HniHUhis 

ttrtlli^Lr LulLJL:LlJK^RT^b^[alaCTO|A 
(t[jlt>lh.J-L^L: 

Uhllnc lit; http ^V\v^" mcmLim-c J ii^ 

wwwpkpuls^liltTl html 

Ur ubliiin tiv iihj^v putilk^tfuri (^U £l 

H(Htimiin>ri"J!ti7]7-:JfLVl 
I ntnTTiiiliuai 

En^l, Hick -Wcu4n PniitWit 

J^uzlaDfii Ciant -^ l'uIh Pnjfraur 
^^'L^tcrn 'I nun^k AgrtLulLural 
N[:»an.h4Jert£:r.tunrzMl 44U?)!?7K- 



Jonnnrbtn RiLFuiLm.S^ul PLrLillt' 

J^^^m.ul LlitJ Hi.'i^4iR: h t^t:nEdr, 
Wsh:^^[*f rru ^nLin j iiU u 

httr? ■'■'ka-munlmini.cdu^rTBL^iiwfcK htm 
linfc^ bj Ml mtjn J ^nLkilliind 

n. tuFL J ^uni:!^ uf ^A^ful inTurrruljLtfi 
qU^flL tp I MmLifu dignk'ulUiFt 
^nirui MunLifu ^Ljb: UnFbVnJty 

hitn^'-^N'ww J j^ riL jJ| A'xjbi;:^^ 

ij]^ki^ 1 7^[t ntJU-umiiii^ 

l^itisluFn rtFtjt[2^f lijipliciiUjci in 
LHjp jvi^ifctiLm. JsJurLi: AlliLrtjA^_ 
RjiJil, dnJldural LIl:it lufi^mcid 

htlr? '^^^A"^^ K]Lk-ti^-KisurirK:L 
II tLlI itytiL la r>J l_Jjh-'i^UrLN-T_ 
T\jlMMHLim_whtjLr\] f 

htarlur pLiLi^auFTi g LiidcJinL^ ^ ^'huiL 
iinil biirJcy m V^'E^^h^m (Joimtu k)um~ 
UtlttT (.'rupG Muj^LkChru: 

hltp-'-Vh'w^' ppi-&irijr^ 

r^itsh tifkf a'hJ^IiJuk iFi^luk hitaiL 
f^L h^i^tiAininQ Ln^JFFTuLjLin iithnit 
glulul pjluMiluCFl fi^c tiLiz^tii ^ 

httJ^y^h■^Wff LllH IHULLJU'lJl JIVVJiJL-pt^ 

lJ] EijEHTWi' 'lurL4,%-/dLo> krtility^ 
fLrLtlll^-^LL-hUri iui] fLFtib"^ 
rriiifugL miii^l lijr ijrL4r4^ 4:nj^ ^un.ii 
Pcnn^LitL Univvni^. 

p|jnK-L^aj]lfcrt;hfri£iJ^v him 

l^rtl I [2l r Rii^iifTUTiciKiMitiL^ ^'ith 
d I Acnj nt 4ljl| L^L resiJt* fumv^iid 
cn^^H L^^iujiL' Nurih DuhuU bUk 
Unr^r^ltyi 



I 



Vi^ would lihL iu iL^tLo] Hjuf 
uUn.^ 4Apprwi:uLri in tu LhiL^jU-s^j 
m-iIudIulf iwu^w^f^ hub-h |HnA~lJui 
thi:lrLiFn:4Arxd Ii4rg hUpi FiuJ^f^ U\A 
A be Lti^r iluL Liini nt: 
b^ bjFig , NurUKm ^FLL^tunil 
fCLitdiTLb Cl ntLF, Li^hic 

VkTL MkjFu^in, Ni imiuitu CluFpjFabim, 
^nilhlUkr. Uarfh^lLlCHiMtiEv 

(iriifit Jl^ kM>n, V^L'^tL:f^> bFrkingk 
^FiLkdtui^ HhJ^iiUth L L^nlcr, 

SififT^br; M^CICOEiiinunJClitlCnS 
5tr%'iL:t4. ItiMtnun, MunUnA 



hltpJ^ywff-mfmt^jM-Edii^publicattiFa 

Ml mLinj ^^Imdt LlFU^1:nLty b'ldhlk-i^tjuru 
unJL Fif^ Ij^FFTutji^i fur tlLltiraua 
CTuWreifa- 

httn^'^N'Wff unih^nL" Cum 

A!iJ^it4i ufiT^&inriiitM^ dbLiuL Ihti 
EippLiLuliL^ and ir^tcTpntiLun ud~!iJ^l 
li:^ij^ LEEpjJ mcp uipAuln. 

BttT?H-'^At!nLiLs jjia 

H^U ^TiiLkly Agfijiumy NuIilv h^ 
Dr. Jieu BftiiAtcr^ja Fui^t uf^njH, 
Ij^l^ln^ 11 rtiliSi^r rriiifuj^L muiL 

l"L fljl L: L f Nil- L"r 

ft rtlllAtr ii^L^ suFru^un^hng ItrblE^r 
QfiJlji^a lifhJ Fn^umnu: n J jtuns 
ksLduFi tkld nzMimin: h uifEJ uc tEd [n 
MitnLirubv ^VJatkliu bLiL: LnTb^rtiiEf 
fiiF^nocL 



^ »im I B^ ti ? D TB [Tl fell daojm »1 iDf nod-pin^ «iJE^[7i d [»rpDhei Tlilh Hxcm ai i m i^tw lEfnH n bd eniKvi^a I in a cc#m Bf dri pjQd- 
UEil te^iJcesi ccnp^yni r^^tpdm lmpf«a oi 3 11 Dps npL-ir:!? te^: Ii rh^^nic E-?d4j1io nnd ti ? M3U E OF^ikin SH^Jce ~Fb ^t? titi & qfe^ men ^ 
In Wcl cfi k] vm al: per'^lulni m . t1 □& E^ghi Tinn ti€ ^j^io^lIq Co" m un kiclcfi i Cixiialtatf. Dwn minli^^iHi : DKiicei, 4l&Cul]Ento: Hal, 
Pblnita[LSciieUii>ciiiV9azBfnaL. BDzna. Mr»717. |UC}^«4-^21 £-mAJI - puUhaTm «m aifen ^etij 



MnNlAfVA 



crn:*Iti*j 



~nie urc^on I a1 fi« h£U Extenilra Sv lice btb hijuE^a^b 1^ «1 p8cp^ rBgv dBL f a1 rEO$ iremxJcc iBxulTdtflMyoin^lattf «l^ 
Ktu pd _- tj rt e^jT ce Dl r::i:^fl1>e B ii^Krijfi wmK j\ wp oi iljre cmd ii dui e ecin sm ■n kHi d ^y ^ p^-I -""^ ^ ^"^ ^^'* l^^?^pB™- 
1w yti 1i£ U-u uEfifl1nm1cn^laiLir^ Gcugai SvejB, lice i^ if la^l a»[j ej^kidi, e rtefiUM Sb i4c&, ^dtHi iaji« ^vLe UiluBin^ 
HniemEfl-NTT W717- 



